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© Interface between processor and special Instruction processor In digital data processing system. 



© A processor and auxiliary processor for use in a 
digital data processing system, the auxiliary proces- 
sor processing selected instructions, such as floating 
point instructions. The processor and auxiliary pro- 
cessor are interconnected by status lines, data lines 
and a bus to which other units in the system may 
also be connected. When the processor begins pro- 
cessing a selected instruction, it passes the instruc- 
tion's operation code to the auxiliary processor over 
the data lines and enables the operands to be trans- 
ferred to the auxiliary processor over the bus t along 
with information concerning each operand, which is 
transferred over the data lines. The processor then 
p\j signals over the status lines that it is ready to 
^receive the results. The auxiliary processor, when it 
has finished executing the special instruction, trans- 
{\jmits a code over the status lines indicating it is 
00 sending the results, and transmits the condition 
q codes over the data lines and the result data over 
0Q the bus. 
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INTERFACE BETWEEN PROCESSOR AND SPECIAL INSTRUCTION PROCESSOR IN DIGITAL DATA PRO- 
^ CESSING SYSTEM 



BACKGROUND OF THE INVENTION 

T. Field of the Invention 

The invention relates generally to the field of 
digital data processing systems. 



2. Description of the Prior Art 

A typical digital data processing system in- 
cludes three basic elements, namely a processor 
element a memory element, and an input/output 
element The memory- element stores information 
in addressable storage locations. This information 
includes both data and instructions for processing 
the data. The processor element includes one or 
more digital data processing units, or "processors 
each of which causes information to be transferred, 
or fetched, to it from the memory element inter- 
prets the incoming information as either instruc- 
tions or data, and processes the data in accor- 
dance with the instructions. The results are then 
stored in -addressed locations in the memory ele- 
ment 

The input/output element also communicates 
with the memory element in order to transfer in- 
formation into the system and to obtain the pro- 
cessed data from it Units comprising the 
input/output element normally operate in accor- 
dance with control information supplied to it by the 
processor element. The control information defines 
the operation to be performed by the input/output 
unit At least one class of operations performed by 
an input/output unit is the transfer of user informa- 
tion, that is, information used by a user program, 
between the input/output unit and the memory ele- 
ment Typical units comprising the input/output ele- 
ment include, for example, printers, teletypewriters, 
and video display terminals, and may also include 
secondary information storage devices such as 
disk or tape storage units. 

In addition to functioning as input/output de- 
vices, disk storage units and, sometimes, tape stor- 
age units may also function as part of the memory 
element In particular, a memory element typically 
includes a main memory, whose contents are ac- 
cessible to the processor relatively quickly but 
which is generally relatively high-cost storage. 
Modern main memories are typically implemented 
using MOS or bipolar semiconductor technology 
and may provide on the order of a fraction of a 
megabyte to several tens of megabytes of storage. 



In modern data processing systems, it is typi- 
cal to have one or, if the system is a multiproces- 
sor system, several processing units which , can 
execute all of the instructions that are available in 
5 the system. However, in executing several types of 
instructions, most notably instructions which per- 
form arithmetic on floating point numbers which are 
comprised of two distinct parts, one representing a 
fraction and the other representing an exponent it 
10 is common to provide a co-processor to perform 
the operation. 

Floating point numbers are comprised of two 
distinct parts, namely the fraction and the expo- 
nent Typically, each part must be processed sepa- 
75 rately, but at the beginning and/or end of process- 
ing operations must be performed on the parts, 
such as shifting and normalization, which depends 
on the values of the other parts. This complicated 
processing requires a significant amount of time in 
20 a general purpose processor. Accordingly, a co- 
processor, termed a floating point processor, is 
provided which includes circuits that are optimized 
to execute the instruction quickly. 

In prior systems, the floating point processor, 
25 although essentially an option, could be connected 
into the main processor, and use the main proces- 
sor's circuits to retrieve the data to be processed. 
This was a satisfactory solution prior to the advent 
of microprocessors. However, if the main processor 
30 is a microprocessor, the number of pins allowing 
connection of the microprocessor to the other cir- 
cuits, including the floating point processor, is quite 
limited. Accordingly, a large number of connections 
just devoted to the floating point processor is not 
35 possible. 

Another interconnection mechanism which has 
been used is to allow the floating point processor 
to monitor system activity and note when the 
microprocessor is retrieving an instruction for pro- 
40 cessing floating point data. If such an instruction is 
received, the floating point processor disables the 
microprocessor, decodes the instruction, retrieves 
the required data, executes the instruction and 
stores the processed data. However, this requires 
45 the floating point processor to be able to identify 
when an instruction is being retrieved and to have 
extensive interface circuitry and decoding circuitry 
to identify the data to be processed. In addition, if 
the microprocessor prefetches instructions, the 
so microprocessor and floating point processor would 
have to coordinate, since the floating point instruc- 
tion would not be processed immediately upon 
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being received, but only after the instructions 
ahead of it have been processed. Also, if the pro- 
gram branches before the instruction has been 
reached, the instruction would never be executed. 



SUMMARY OF THE INVENTION 

The invention provides a new processor for use 
in a digital data processing system. 

The processor includes a new interface to a 
floating point processor (TPP"). The interface in- 
cludes a set of FPP status lines and a set of FPP 
data lines which carries signals between the pro- 
cessor and the floating point processor. In addition, 
the floating point processor is connected to the 
data lines and selected control lines of the proces- 
sor's input/output bus to allow it to obtain the 
operand data to be processed and return the pro- 
cessed data. When the processor decodes a float- 
ing point instruction, it transfers it over the FPP 
data lines along with a code transmitted over the 
FPP status lines indicating that an instruction is 
being transmitted. 

Subsequently, the operands to-be processed is 
transferred to the floating point processor. The 
floating point processor monitors certain control 
lines of the processor's input/output bus to deter- 
mine whether an operand is coming from memory 
or from the processor's cache or registers. If an 
operand is from the processor's cache or registers, 
the processor places that operand on the 
input/output bus, along with a code on the FPP 
status lines indicating that the operand is then on 
the input/output bus. When the processor starts to 
retrieve an operand from the memory for the float- 
ing point processor, it places an alignment code on 
the FPP data lines indicating any required data 
alignment if some of the data on the input/output 
bus is not to be used as part of the operand. The 
floating point processor monitors the control lines 
which indicate that the memory is returning the 
operand. 

When the processor is ready to receive the 
processed data from the floating point processor, it 
places a code to that effect on the FPP status 
lines. When the floating point processor is ready to 
transmit the results, it first transmits the condition 
codes over the FPP data lines, along with a code 
on the FPP status lines to that effect. Subse- 
quently, the floating point processor transmits the 
processed data over the input/output lines along 
with a code to that effect over the FPP status lines. 



BRIEF DESCRIPTION OF THE DRAWINGS . 

This invention is pointed out with particularity 
in the appended claims. The above and further 
5 advantages of this invention may be better under- 
stood by referring to the following description taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1A is a general block diagram of a 
io digital data processing system which incorporates 
the invention, and 

Fig. 1 B is an organizational block diagram of 
a processor used in the system depicted in Fig. 
1A; 

'5 Fig. 2, comprising Figs. 2A through 2D, is a 

timing diagram useful in understanding the inven- 
tion; 

Fig. 3 is a detailed block diagram of a por- 
tion of the processor depicted in Fig. 1B particu- 
20 larly relating to the circuits for controlling transfers 
with other portions of the system. 



DETAILED DESCRIPTION OF AN ILLUSTRATIVE 
25 EMBODIMENT 

General Description 

Referring to Fig. 1, a data processing system 

30 including the invention includes, as basic elements, 
a central processor unit (CPU) 10, a memory 11 
and one or more input/output subsystems 12 (one 
input/output subsystem is shown in Fig. 1). A bus 
13 interconnects the CPU 10, memory 11 and 

35 input/output subsystems 12 in parallel. The CPU 10 
executes instructions that are stored in addressable 
storage locations in the memory 11. The instruc- 
tions identify operations that are to be performed 
on operands, which are also stored in addressable 

40 locations in the memory unit. The instructions and 
operands are fetched by the CPU 10 as they are 
needed, and processed data are returned for stor- 
age in the memory 11. The CPU 10 also transmits 
control information to the input/output subsystems 

45 12, enabling them to perform selected operations, 
such as transmitting data to or retrieving data from 
the memory 1 1 . Such data may include instructions 
or operands which may be transmitted to the mem- 
ory 11 or processed data which is retrieved from 

so the memory 1 1 for storage or display. 

An operators console 14 serves as the oper- 
ator's interface. It allows the operator to examine 
and deposit data, halt the operation of the CPU 10 
or step the CPU 10 through a sequence of instruc- 

55 tions and determine the responses of the CPU 10 
in response thereto, it also enables an operator to 
initialize the system through a boot strap proce- 
dure, and perform various diagnostic tests on the 
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entire data processing system. 

The data processing system may include sev- 
eral types of input/output input/output units 20, 
including disk and tape secondary storage units, 
teletypewriters, video display terminals, line print- 
ers, telephone and computer network units, and the 
like. All of these units communicate with the bus 13 
over a device bus 21 through one or more control- 
lers 22. A controller 22, the device bus 21 to which 
it is connected, and the input/output units 22 which 
communicate with the controller defines one 
input/output subsystem 12. 

The memory 11 includes a memory controller 
15, which is connected directly to the bus 13 and 
to a plurality of arrays 17. The arrays 17 contain a 
plurality of addressable storage location in which 
information is stored. The memory controller 15 
receives transfer requests from the CPU 10 or from 
an input/output subsystem 12 over the bus 13. 
Several types of transfer requests may be transmit- 
ted over bus 13, which fall into two general cate- 
gories. In one category, information is written into, 
or stored in, a storage location, and in the other 
category, information is retrieved, or read, from a 
storage location. 

The system depicted in Fig. 1 also includes a 
write buffer 23 which connects to bus 13 and 
memory controller 15 and intercepts write transfer 
requests which are directed to by CPU 10 to mem- 
ory 11. In that system, memory controller 15 does 
not respond to write requests which are transmitted 
over the bus 13 by either the CPU 10 or the 
input/output controller 22. In particular, the write 
buffer 11 buffers the write information, including 
both the data to be written and the associated 
addresses identifying the locations in arrays 17 into 
which the data is to be stored. When the memory 
controller can accept a write operation, the write 
buffer transmits the address and associated data 
over a private bus 24 to the memory controller 15, 
which proceeds to enable the arrays 17 to store the 
data in the location identified by the address. Thus, 
if the rate of transmission of write data by the CPU 

10 over bus 13 becomes too great for the memory 

11 to accept, the write buffer 23 can buffer the 
requests until the memory 11 can accept them. 
The memory controller 15 is also connected di- 
rectly to bus 13 to respond to read requests from 
the CPU 10 or input/output controller 22 and return 
read data thereto. 

It will be appreciated by those skilled in the art 
that a write buffer 23 can be advantageously used 
in a uniprocessor system as depicted in Fig. 1, but 
it will be most advantageously used in a mul- 
tiprocessor system (not shown). In a multiprocessor 
system, the memory 11 will receive read and write 
requests from a number of CPUs and associated 
input/output subsystems 12. To avoid delaying pro- 
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cessing by a CPU 10 waiting to perform a write 
operation, the write buffer 23 takes the write ad- 
dress and data and the CPU 10 can resume pro- 
cessing. 

5 The write buffer further includes circuits for 

monitoring read requests over the bus 13 from the 
CPU 10. If the write buffer 23 determines that a 
read request has been transmitted over the bus 13 
which identifies data which it is buffering and which 

70 it has not yet transferred to the memory 11, it 
inhibits, over its private bus 24, the memory con- 
troller from responding to the request. Instead, the 
write buffer 23 transmits the requested data over 
the bus 13 to complete the read operation. 

75 The system depicted in Fig. 1 also includes a 

system control circuit 25 that, under control of the 
CPU 10, performs arbitration operations thereby 
regulating access of the various input/output sub- 
systems 12 to the bus 13 if more than one is 

20 present in the system. 

The CPU 10 includes a processor 30 and an 
optional floating point processor 31. As is typical, 
the floating point processor is an option and need 
not be present in a digital data processing system 

25 or CPU 10 constructed in .accordance with the 
invention. The floating point processor includes cir- 
cuits which are optimized for processing instruc- 
tions on selected types of data, namely data in 
floating point formats. Typically, the processor 30 

30 can process the same data, but it requires more 
time to perform the processing. 

A detailed functional block diagram of one pro- 
cessor 30 used in the system is depicted in Fig. 
1B. With reference to Fig. 1B, processor 30 in- 

35 eludes a bus interface circuit 33 which connects to 
various control lines of bus 13 (collectively in- 
dicated by reference numeral 13A) and transmits 
and receives signals over the various lines of the 
bus as described below. The bus interface circuit 

40 also connects to an internal IDAL bus 34 which 
transfers signals to and from a cache 35, a data 
path 36, a memory management unit. 37, and a 
processor control circuit 40. A bus interface circuit 
33 for one embodiment of processor 30 will be 

45 ■ described below in connection with Fig. 3. 

A number of registers also connect to the inter- 
nal IDAL bus 34 and, under control of the bus 
interface circuit 33 transfers data between the inter- 
nal IDAL bus 34 and DAL lines 50 of bus 13. 

so Specifically, under control of the bus interface unit 
33, a write data register 250 and a write address 
register 251 receive, respectively, write data and 
the address of the location in memory 1 1 or 
input/output units 12 in which the write data is to 

55 be stored. At appropriate times, as described be- 
low, the bus interface unit 33 enables the contents 
of these registers to be transmitted through a mul- 
tiplexer 253 onto the DAL lines 50 to perform a 

4 
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write operation. Similarly, under control of the bus 
interface unit 33, a read address register 252 re- 
ceives an address of a location containing data to 
be read. At an appropriate time, the bus interface 
unit 33 enables the contents of the read address 
register 252 to be coupled through multiplexer 253 
onto the DAL lines 50 to perform a read operation. 
The read data is latched in an input register 254, 
also under control of the bus interface unit 33. The 
bus interface unit 33 may enable the contents of 
the input register 254 to be coupled, as RCV DAT 
received data signals, onto the internal IDAL bus 
34. 

The processor control circuit 40 decodes pro- 
gram instructions which are retrieved from the 
memory 11 and in successive processing cycles 
enables the data path 36 to perform the arithmetic 
and logical operations which are required to ex- 
ecute the instruction. The data path 36 includes a 
set of registers 255 for storing data to be pro- 
cessed and arithmetic and logic circuits 256 for 
performing the processing. The data path 36 will 
be described in more detail below in connection 
with Figs. 3A and 3B. 

One embodiment of processor 30 uses virtual 
addresses and provides virtual address translation 
circuits 37 for translating the virtual addresses to 
physical addresses. The virtual address translation 
circuits include a set of source registers 257 which 
receive the virtual addresses from other circuits in 
processor 30, most notably the data path 36, and a 
translation buffer 260 which includes some transla- 
tion information. Translations are performed as 
necessary under control of the processor control 
circuit 40. Physical addresses are coupled from the 
translation circuits 37 onto the internal IDAL bus 34 
through a multiplexer 261. The data path 36 may 
also include physical addresses, and provides a 
second source input for multiplexer 261. The pro- 
cessor control circuit 40 controls multiplexer 261. 

Cache memory 35 is a conventional informa- 
tion storage circuit in a CPU 10. Cache memories 
are described in K. Hwang and F. Briggs, Com- 
puter Architecture And Parallel Processing 
(McGraw-Hill. 1984), Section 2.4, pp. 98. et seq, 
and V. Hamacher, Computer Organization 
(McGraw-Hill, 1984), Section 8.6, pp. 306, et seq. 
Cache memory 35 includes a data storage area 38 
comprising a plurality of storage locations. The 
data storage area 38 is organized into blocks, with 
each block containing two storage locations. Each 
storage location stores one word of information, 
that is. the amount of information which may be 
transferred over bus 13 at one time. In one specific 
embodiment, a word of information corresponds to 
four bytes, or thirty-two binary digits, of informa- 
tion. Thus, each block can store eight bytes of 
information. 



As described below more fully in connection 
with Fig. 5. cache memory 35 includes hit/miss 
logic circuits 262 which determines when a phys- 
ical address generated by the virtual address trans- 
5 lation circuits corresponds to an address in the 
cache memory 35. The low order portion of the 
virtuaJ address from the source registers 257, in 
one embodiment the VA SRCE (8:3) signals, is 
coupled through a multiplexer 264 to select one 

70 block in the data storage area, and the associated 
tags 41 entry. The hrt/miss logic circuits 262 then 
determine whether the contents of the associated 
tags 41 entry corresponds to the translated phys- 
ical address. If there is such a correspondence, the 

75 hit/miss logic generates an asserted HIT signal 
which is transmitted to the bus interface unit 33. If 
the bus interface unit 33 does not receive an as- 
serted HIT signal, it enables, in a conventional 
manner, an operation over bus 13 to retrieve the 

20 contents of the addressed location. If the HIT signal 
is asserted, the bus interface unit 33 does not 
enable the operation over bus 13, but instead al- 
lows the data from the cache data storage area 38 
to be transmitted through a multiplexer 263 over 

25 the internal IDAL bus 34. Generally, such data will 
be transmitted to the data path 36. 

As will be appreciated by those skilled in the 
art, the information stored in a block in the cache 
memory 35, when it is received from the memory 

30 unit 11, is a copy of the information stored in the 
memory unit 11. Each block in the cache memory 
35 has an associated tag 41 whose contents are 
established by the bus interface circuit 36 to iden- 
tify the locations in the memory unit 11 from which 

35 the information was copied. In addition, each block 
includes a stale flag 42 which is reset, or cleared, 
by the bus interface circuit to indicate whether or 
not the contents of the block are in fact copies of 
the locations identified by the tag, that is. whether 

40 or not the contents of the block are stale. 

In one embodiment of cache memory 35 the 
data storage area 38, tags 41 and fiags 42 are 
dynamic memories. A refresh counter 262, under 
control of the bus interface unit 33 generates re- 

45 fresh addresses which are coupled through mul- 
tiplexer 264 to refresh the dynamic memories. 

An instruction may contain one or more 
operand specifiers which identify the location of the 
operand in the registers in the data path 36, or 

so which identify an address which identifies the loca- 
tion of the operand in the virtuaJ address space. 
See, for example. U.S. Patent 4,236,206, for a 
Central Processor Unit For Executing Instructions 
Of Variable Length, issued to W.D. Strecker, et ai., 

55 on November 25, 1980. The processor control cir- 
cuit 40, in conjunction with the data path, decodes 
each operand specifier to identify the locations of 
the operands, and then proceeds to obtain them 
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from the identified locations. An operand specifier 
may itself contain the operand (that is, the operand 
specifier may be a "literal"), the operand specifier 
may identify one of the data path's registers (not 
shown) as containing the operand. 

Alternatively, the operand may be in a location 
in the program's virtual memory space, and the 
operand specifier may indicate how to determine 
that location. If the operand is in the virtual memory 
space, the control circuit 40 enables the memory 
management circuit 37 to translate the virtual ad- 
dress to the physical address. After the physical 
address of the operand has be§n obtained, the bus 
interface 33 obtains the operand. It first determines 
whether the operand is in the cache memory 35. If 
the operand is in the cache memory, the bus 
interface transmits the operand to the data path 36. 
On the other hand, if the operand is not in the 
cache memory 35, the bus interface circuit 33 
transmits a read request over the bus 13 to the 
memory 1 1 to retrieve the operand- After all of the 
operands have been obtained, the data path 36 
may perform the operation required by the instruc- 
tion. 

The operand specifier may also identify the 
location into which processed data is to be stored. 
The control circuit 40 and memory management 
circuit 37 are used in the same way as described 
above to determine the physical address. If the 
processed data is to be stored in memory 11, the 
bus interface 33 performs the required write opera- 
tion over bus 13. In addition, if the physical ad- 
dress corresponds to an appropriate tag in cache 
35, the bus interface 33 enables the data to be 
stored in the cache 35, 

The bus interface unit 33 includes a state ma- 
chine 270, which controls the transfer of data over 
bus 13, and an IDAL state machine 271, which 
controls the transfer of data over internal IDAL bus 
34. The bus interface unit also controls an FPP 
logic circuit 272 which, in turn, controls commu- 
nications with the floating point processor 31. The 
bus interface unit 33 will be described in more 
detail below in connection with Fig. 3. 



Operations Over Bus 13 

The bus 13 includes a number of lines for 
transferring signals representing information among 
the various units connected to it. In particular, bus 
13 includes DAL (31:0) data address lines 50, 
which carry DAT data and ADRS address signals. If 
the CPU 10, specifically the processor 30, is initiat- 
ing a transfer, making it the bus master for the 
transfer, processor 30 first transmits the ADRS 
address signals over the DAL (31:0) data address 
lines 50 and contemporaneously transmits TR 
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TYPE (2:0) transfer type command signals on lines 
52. which indicate whether the transfer operation is 
a read or a write operation. A short time later, 
sufficient to allow the ADRS address signals and 

5 TR TYPE (2:0) transfer type command signals to 
settle, the processor 30 then asserts an ADRS STR 
address strobe signal on a line 51. 

When the ADRS STR address strobe signal is 
asserted, ail of the other units connected to bus 13 

70 receive and decode the ADRS address and TR 
TYPE (2:0) transfer type command signals, with the 
unit containing the location identified by the ADRS 
address signals being the responding unit, or slave, 
for the transfer. If the transfer operation is a write 

is operation and the ADRS address signals identify a 
location in the memory 11, the write buffer 23 is 
the slave unit). A selected time later after the 
processor 30 asserts the ADRS STR address 
strobe signal, it removes the ADRS address signals 

20 and TR TYPE (2:0) transfer type command signals 
from the respective lines. 

If the transmitted TR TYPE (2:0) transfer type 
command signals define a write operation, the 
master unit then transmits data signals over the 

25 lines 50, and then asserts a DATA STR data strobe 
signal on a line 53. The slave unit then receives 
and stores the transmitted data. When the data has 
been stored, the addressed unit then asserts a 
RDY ready signal on a line 54 if the operation was 

30 completed without error, or an ERR error signal on 
a line 55 if an error occurred during the storage 
operation. 

If on the other hand, the transmitted TR TYPE 
(2:0) transfer type command signals define a read 

35 operation, the slave unit retrieves the data from the 
location identified by the address signals, transmits 
them over the DAL (31:0) data address lines 50, 
and transmits an asserted RDY ready signal over 
line 54. In response, the processor 30 receives the 

40 data and transmits an asserted DATA STR data 
strobe signal over line 53. 

In either a read or a write operation, after the 
slave has asserted the RDY ready signal or the 
ERR error signal if an error occurred during the 

45 transfer, the processor 30 negates the DATA STR 
data strobe signal. The slave unit then negates the 
RDY ready or ERR error signal, and then the 
processor 30 negates the ADRS STR address 
strobe signal to complete the transfer. 

so Units connected to bus 13 other than processor 

30 may constitute bus masters and initiate trans- 
fers with the memory 11 thereover. The 
input/output subsystem 12, and in particular, their 
input/output controller 22 may become bus master. 

55 To become bus master, input/output controller 22 
asserts a DMR direct memory request signal over 
a line 56. The processor 30 then asserts a DMG 
direct memory grant signal on a line 57, which is 

6 
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received by the input/output controller 22. At that 
point the input/output controller initiates a transfer 
with the memory in the same way as described 
above in connection with the processor 30. The 
input/output controller maintains the OMR direct 
memory request signal asserted until it has com- 
pleted the transfer. Thus, if the input/output control- 
ler requires multiple transfers, it may maintain the 
DMR direct memory request signal asserted until it 
has completed the transfers. While the DMR direct 
memory request signal is asserted, the processor 
30 is in a stalled condition, that is f it monitors the 
signals on the various lines of bus 13, but other- 
wise it does not execute any instructions. 

If the system includes multiple input/output 
subsystems 12, separate request signals by the 
inputfoutput controllers 22 to become bus master 
are transmitted to the system controller, which as- 
serts the DMR direct memory request signal and 
monitors the condition of the DMG direct memory 
grant signal. When the processor 30 asserts the 
DMG direct memory grant signal, the system con- 
troller enables one of the input/output controllers 22 
to- become bus master according to any priority 
arbitration scheme. 

Bus 13 also has a number of other lines which 
carry status and control signals. A line 60 carries 
CLK clock signals which are used to synchronize 
operations in the system. The various signals on 
bus 13 are timed in response to the CLK clock 
signals. 

A line' 61 carries a CCTL cache control signal 
which has two functions. As described in copen- 
ding U.S. Patent Application Serial No. 908,825, 
filed September 12, 1986, in the name of Paul 
Rubinfeld. for Cache Invalidate Protocol for Digital 
Data Processing System, the CCTL cache control 
signal is asserted by, for example, an input/output 
controller 22 when it is bus master and performing 
a write operation to memory 11. The input/output 
controller 22 asserts the CCTL signal while it is 
transmitting the ADRS address signals on the DAL 
data address lines 50, TR TYPE transfer type sig- 
nals on lines 52 and asserting the ADRS STR 
address strobe signal on line 51. When the CCTL 
cache control signaJ is asserted and the TR TYPE 
transfer type signals indicate a write operation to 
memory 11. the bus interface 33 checks the con- 
tents of the tags 41 of ail of the cache entries. If 
the ADRS signals on the DAL data address lines 50 
of bus 13 correspond to the contents of a tag 41, 
the bus interface 33 resets the S stale flag 42 for 
that cache block. 

The CCTL cachei control signal is also asserted 
by memory 11 to prevent the processor 30 from 
storing data in the cache 35 that was requested 
during a read operation. This" may be used, for 
example, where memory 13 is a multiport memory, 



that is, if it is being shared by several processors, 
with each processor accessing the memory n' 
over a separate bus, and the data being retrieved 
is from a set of addressable storage locations that 
5 are available to ail of the processors. It is un- 
desirable to have such data stored in the cache 35 
since another processor may update the contents 
of the shared locations and, since the updates are 
not over bus 13 they cannot be detected by the 
10 processor 30. If the processor 30 used such data 
from the cache, it may not correspond to the 
contents of the appropriate locations in memory. In 
connection with this use of the CCTL cache control 
signal, the memory 11 asserts the CCTL cache 

is control signal contemporaneously with its transmis- 
sion of the data over the DAL data address lines 
50, and maintains the CCTL cache control signal 
asserted until it removes the data. 

Bus 1 3 also includes a line 62 which carries a 

20 CLR WRT BUF clear write buffer signal. The CLR 
WRT BUF clear "write buffer signal is asserted by 
the processor 30 in response to certain conditions 
internal to processor 30 which would not be other- 
wise detectable outside of processor 30. For exam- 

25 pie, the processor 30 asserts the CLR WRT BUF 
clear write buffer signal when it executes an in- 
struction which causes it to switch process con- 
texts or when it starts to execute an interrupt ser- 
vice routine or an exception routine. The CLR WRT 

qo BUF clear write buffer signal is controlled by a field 
in microinstructions that are generated by the pro- 
cessor control circuit 40 while executing those 
instruction^. 

When the CLR WRT BUF clear write buffer 

35 signal is asserted, the write buffer 23 determines 
whether it contains data to be stored in memory 
11. if it does not, it does nothing. However, if the 
write, buffer 23 does contain data to be stored in 
memory 11, it asserts the DMR direct memory 

40 request signal and continues to attempt to store its 
remaining data in the memory 11. In response to 
the asserted DMR direct memory request signal, 
the processor asserts the DMG direct memory 
grant signal, which is ignored by the write buffer 

45 23, and it also stalls. The write buffer 23 maintains 
the DMR direct memory request signal in the as- 
serted condition until all of the data which it con- 
tains has been properly stored in memory 11. if no 
error occurs in the storage, the write buffer 23 then 

so negates the DMR direct memory request signaJ 
allowing the processor 30 to continue. 

If an error does occur during a write to memory 
11. the write buffer 23 signals an error to the 
processor, allowing the processor 30 to process 

55 routines to locate and correct the error within the 
current context. This greatly simplifies error recov- 
ery. If the processor is allowed to switch contexts 
. before an error is detected, it would be difficult to 
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determine the context which initially generated the 
data. Error recovery is simplified if the context can 
be identified, and so the write buffer 23 prevents 
the processor from switching contexts until all of 
the data from the current context has been prop- 
erly stored in memory 11. 

Transfers With Floating Point Processor 31 

Processor 30 also is connected to floating point 
processor 31 to (1) transfer the operation codes of 
floating point instructions to the floating point pro- 
cessor 31 to indicate the operation to be per- 
f.ormed t as described below in connection with Fig. 
2A, (2) enable operand data to be transferred to the 
floating point processor 31 for processing as de- 
scribed in connection with Figs. 2B and 2C and (3) 
obtain processed data from the floating point pro- 
cessor 31 as described in connection with Ftg. 2D. 
The processor 30 and floating point processor 31 
are interconnected by two sets of lines 70 and 71 , 
lines 70 carrying CP STA (1:0) floating point status 
signals and lines 71 carrying CP DAT (5:0) floating 
point data signals. The floating point processor 31 
is also connected to several lines of bus 1 3, includ- 
ing DAL data address lines 50, line 60 for receiving 
the CLK signals, line 51 for receiving the ADRS 
STR address strobe signal, line 54 for receiving the 
RDY ready* signal, line 55 for receiving the ERR 
error signal, and line 57 for receiving the DMG 
direct memory grant signal. The CP STA (1:0) 
floating point status signals and CP DAT (5:0) float- 
ing point data signals are transmitted synchronous- 
ly with the CLK signals on line 60. 

While it is idle, the floating point processor 31 
repetitively samples, synchronously with the CLK 
signal on line 60, the conditions of the signals on 
the lines 70 and 71. When at least one of the lines 
71 carries an asserted level signal, the floating 
point processor 31 latches the signals on those 
lines and the signals on lines 70. With reference to 
Fig. 2A, when the processor 30 transmits an in- 
struction to the floating point processor 31 , it trans- 
mits at least a portion of the instruction's operation 
code to the floating point processor 31 as CP DAT 
(5:0) floating point data signals over lines 71 during 
an interval defined by a selected number of ticks of 
the CLK clock signals. During the interval, in syn- 
chronism with one of the ticks of the CLK clock 
signals, the floating point processor 31 latches and 
stores the signals. At the end of the interval, the 
processor 30 removes the signals from the lines 70 
and 71 . 

The CP DAT (5:0) floating point data signals 
transmitted over lines 71 are sufficient to identify a 
floating point arithmetic operation to be performed, 
and also identifies the number of operands to be 
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used in the operation. Concurrently with the trans- 
mission of the operation information over lines 71, 
other information is transmitted as the CP STA 
(1:0) floating point status signals over, lines 70 

5 which provides further information relating to float- 
ing point processing. In particular, floating point 
operands may be encoded in a number of formats, 
termed data types, and information as to the format 
of the operands is transmitted as CP STA (1:0) 

70 floating point status signals over lines 70. In one 
embodiment, some of the information as to the 
format of the operands is also transmitted over the 
lines 71 along with the operation information. 

Upon receiving the operation code, the floating 

75 point processor 31 decodes it to determine the 
operation to be performed and the number of 
operands which are required. The processor 30 (in 
response to sending the operation code) and the 
floating point processor 31 (in response to receiv- 

20 ing the operation code) then go into a condition in 
which the operands are transferred over DAL data 
address lines 50. The data type information is used 
to identify to the floating point processor 31 the 
format of each of the operands. In connection with 

25 some operand formats, more bits are required in 
some operand formats than can be accommodated 
by a single transfer over the DAL data address 
lines 50, and so multiple transfers are required to 
transfer a single operand. The data type informa- 

30 tion thus also indicates the number of transfers 
over DAL data address lines 50 that are required to 
transfer each operand. 

An operand may be stored in one of three 
sources, namely, in the memory 11 (Fig. 1), in the 

35 cache 35, or in the processors registers (shown in 
Fig. 3A) in the data path 36. The different operands 
required for a single operation may also be stored 
in any of the three sources. If multiple transfers 
over DAL data address lines 50 are required to 

40 transfer a single operand, however, all of the trans- 
fers are normally with respect to a single source. 
Fig. 2B depicts the conditions of the signals that 
are transmitted to retrieve an operand from mem- 
ory and Fig. 2C depicts the signals transmitted to 

45 transfer an operand from the cache 35 or from 
registers in the data path 36. In particular, Figs. 2B 
and 2C depict the conditions of the signals to effect 
a single transfer over DAL data address lines 50, 
and it should be recognized that multiple transfers 

so may be required for a single operand. 

With reference to Fig. 2B, if an operand is in 
memory 11, the processor 30 initiates its retrieval 
from the memory 11. In particular, the processor 
30 performs a read operation, as described above, 

55 placing the ADRS address signals on the DAL data 
address lines 50 and asserts the* ADRS STR ad- 
dress strobe signal. Shortly thereafter, the proces- 
sor 30 places CP STA (1:0) floating point status 
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signals on lines 70 having the binary value zero, 
that is, it negates both of the CP STA (1:0) floating 
point status signals. In addition, the processor 30 
transmits CP DAT (5:0) floating point data signals 
on lines 71 in which the CP DAT (5:4) floating point 
data signals contain an address alignment code, 
which indicates how much of the data transmitted 
over the DAL data address lines 50 is to be used in 
the operand. The CP DAT (0) floating point data 
signal is asserted if the operand is a short literal on 
the DAL (5:0) data address lines, and otherwise the 
CP DAT (1) floating point data signal is asserted. 

Since the floating point processor 31 has al- 
ready received the operation information in the 
procedure described above in connection with Fig. 
2A, it is in condition to receive an operand. The 
asserted CP DAT (5:0) floating point data signal 
indicates to the floating point processor 31 that it is 
to sample the signals on selected lines of bus 13, 
in . particular the line 51 which carries the ADRS 
STR address strobe signal. The floating point pro- 
cessor 31 uses the asserted condition of the ADRS 
STR address strobe signal to determine that the 
v operand is being retrieved from the memory 11 . If 
the ADRS STR address strobe signal is asserted 
when it receives the asserted CP DAT (5:0) floating 
point data signal, the floating point processor 31 
latches the data signals on the DAL data address 
lines 50 in response to the assertion by the mem- 
ory 11 of the RDY ready signal on line 54. The 
processor 30 responds with the DATA STR data 
strobe signaJ to complete the transfer. 

It will be appreciated that, if the memory 11 
responds to a retrieval request with an asserted 
ERR error signal instead of an asserted RDY ready 
signal, the floating point processor 31 will not latch 
the transmitted data signals on the DAL data ad- 
dress lines 50. The processor 30 performs any 
required error recovery operations, such as retries, 
which may be required and repeats the operation 
depicted in Rg. 2B. 

Fig. 2C depicts a timing diagram useful in 
understanding the transfer of an operand from the 
processor 30 to the floating point processor 31, 
whether the operand is in the cache 35 or in a 
register in data path 36 (described below in con- 
nection with Rg. 3A). In either case, the processor 
places data signals on the DAL data address lines 
50 and CP DAT (5:0) floating point data signals 
having the same encoding as described above in 
connection with Rg. 2B, and negates both of the 
CP STA (1:0) floating point status signals. These 
signals are maintained by the processor 30 for a 
selected number of ticks of the CLK clock signals. 
During that interval, the floating point processor 31 
latches the signals on the DAL data address lines 
50. If multiple transfers are required over the DAL 
data address lines 50 to transfer an entire operand, 



the sequence depicted in Rg. 2C is repeated. 

If an operandi data type is such that multiple 
transfers are required over DAL data address lines 
50 to transfer an entire operand, the processor 30, 
5 memory 11 and floating point processor 31 repeat 
the operations depicted in Rgs. 2B and 2C until a 
complete operand is transferred. 

It will be appreciated that the sequence of 
operations depicted in Rg. 2B is similar to the 
ro sequence of operations depicted in Rg. 2C, with 
the following difference. If the ADRS STR address 
strobe signal is asserted on line 51 when the CP 
DAT (5:0) floating point data signal is asserted, the 
floating point processor 31 uses the asserted RDY 
is ready signaJ as an indication that the operand (or 
portion of the operand) is then on the DAL data 
address lines 50. However, if the ADRS STR ad- 
dress strobe signal is not asserted when the CP 
DAT (5:0) floating point data signal is asserted, the 
20 floating point processor 31 uses the assertion of 
the CP DAT (5:0) floating point data signal as an 
indication that the operand (or portion of the 
operand) is then on the DAL data address lines 50. 
In both cases, the floating point processor 31 
25 latches the signals on the DAL data address lines 
50 in synchronism with the CLK clock signals on 
line 60, in the first case after receiving the RDY 
ready signaJ and in the second case after receiving 
a CP DAT (5:0) floating point data signal which is 
30 asserted. 

After the operands have been transferred, the 
processor 30 and floating point processor 31 go 
into a condition in which the processor 30 is pre- 
pared to receive the results when the floating point 
as processor 31 is prepared to send them. Rg. 2D 
depicts a timing diagram which details the . se- 
quence of operations used by the processor 30 
and floating point processor 31 to transfer the 
processed data to the processor 30. The pro- 
40 cessed data comprises both the condition codes, 
which indicates whether the result was a negative 
or a zero and selected other facts concerning the 
result, and data signals representing the value of 
the computation performed by the floating point 
45 processor 31 . 

With reference to Rg. 2D, initially the proces- 
sor 30 transmits a signal code over the lines 70 
and 71 indicating that it is ready to receive the 
processed data. In one embodiment, the CP STA 
so (1 :0) floating point status signals are both negated, 
and the CP DAT (3) floating point data signaJ is 
asserted with the others negated. Thereafter, the 
floating point processor 31 may transmit over lines 
70 and 71 . 

55 When the floating point processor 31 is ready 

. to transfer the processed data, it transmits CP STA 
(1:0) floating point status signafs representing a 
code to that effect, concurrently with CP DAT (5:0) 
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floating point data signals representing the con- 
dition codes. The floating point processor 31 main- 
tains these signals for a selected number of ticks of 
the CLK clock signals, and then places the data 
signals on the DAL data address lines 50, along 
with a code on lines 70 and 71 to that effect If 
multiple, transfers over DAL data address lines 50 
to transfer the processed data signals, the floating 
point processor 31 transfers them synchronously 
with the CLK clock signals. 

While the floating point processor 31 is pro- 
cessing operands and before it has transmitted the 
results to the processor 30, the processor 30 may 
assert the DMG direct memory grant signal to 
allow input/output subsystem 12 to engage in a 
transfer with memory 11. The floating point proces- 
sor 31 monitors the condition of line 57 after the 
processor 30 has indicated that it is ready to re- 
ceive the processed data. If the DMG direct mem- 
ory grant signal is asserted on line 57 when the 
floating point processor 31 is ready to return the 
processed data, the floating point processor 31 
delays returning the processed data until after the 
DMG signal has been negated. 

In addition, if an error occurs in, for example, 
retrieving operands from memory 1 1 , the processor 
30 does not indicate that wishes to receive pro- 
cessed data from the floating point processor 31. 
The processor 30 does not abort the operation of 
the floating point processor 31; instead, when the 
processor 30 transmits a new operation code to the 
floating point processor 31, the floating point pro- 
cessor 31 operates on that operation code. It will 
be appreciated that the CP STA (1:0) floating point 
status signals and CP DAT (5:0) floating point data 
signals transmitted by the processor 30 over lines 
70 and 71 to indicate that it is ready to receive the 
processed data should not correspond to any op- 
eration code, so as to allow the floating point 
processor 31 to distinguish between them. 



Bus Interface Circuit 33 

A bus interface circuit 33 in one embodiment 
of the processor 30 is depicted in Fig. 3. With 
reference to Fig. 3, the bus interface circuit 33 
includes a state machine 270 which controls bus 
13 (Fig. 1A) and a second state machine 271 which 
controls operations over internal IDAL bus 34. The 
two state machines 270 and 271 operate indepen- 
dently except for several flags and control signals, 
as described below, which allow state machine 271 
to indicate to state machine 270 that operations 
over bus 13 are required, and response signals 
provided by state machine 270 to indicate the 
completion of the operations to state machine 271. 

State machine 271, which controls the interna! 



IDAL bus 34, receives input signals from a number 
of sources within the processor 30, which are gen- 
erally indicated by control logic 273 from several 
terminals on bus 13, which are generally indicated 

s by pins 274 of bus 13, and from microinstructions 
from control circuit 40 (Fig. 1 B). State machine 271 
transmits output signals to control number of cir- 
cuits within processor 30, including logic circuits 
272 which control the transfers with the floating 

70 point processor 31 and several signals which con- 
trol the function of the cache and the address input 
multiplexer 264 (Fig. 1B). In addition, output signals 
from state machine 271 also control logic 276 
which contains flags (not shown) indicating that a 

15 read operation is pending, which is, in turn, in- 
dicated by the condition of a RD REQ read request 
signal, that a write operation is pending, as in- 
dicated by the condition of a WRT REQ write 
request signal, and that a transfer of operands from 

20 the processor 30 to the floating point processor 31 
is pending, as indicated by the condition of a 
BRDCST REQ broadcast request signal. 

Control logic 276, under control of the operat- 
ing system, also can determine whether certain 

25 information received over bus 13 (Rg. 1A) during a 
read operation is to be stored in the cache 35 (Fig. 
1B). For example, the operating system may con- 
dition processor 35 to store all information which it 
reads in the cache 35. Alternatively, the operating 

30' system may not permit storing processor instruc- 
tions in the cache 35, and only permit storing of 
data to be processed in the cache. Generally, how- 
ever, the operating system will not permit storing 
information which is received from various control 

35 registers in the other portions of the system de- 
picted in Rg. 1 A in the cache 35. The control logic 
276 conditions a CACHE ACC cacheable access 
signal to control the caching of the information 
received over the bus 1 3. 

40 As described above, an unit external to the 

processor 30 may also control whether the transfer 
is to be cached by means of the CCTL cache 
control signal on line 61 (Rg. 1A) 

The state machine 271, directly or indirectly 

45 through other control logic (not shown) also con- 
trols the loading of write data and read and write 
addresses into latches 250 through 252, and aJso 
controls the transfer of read data from input data 
latch 254 based on the conditions of the signals on 

50 the pins 274. 

State machine 270, which controls transfers 
over the bus 13, receives the RD REQ read re- 
quest. WRT REQ write request, and BRDCST REQ 
broadcast request signals from control logic 276, 

55 as well as signals from bus pins 274, and gen- 
erates signals which are transmitted to logic cir- 
cuits 277 which control the condition of several of 
the signals comprising bus 13. In addition, the state 

10 
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machine 270 generates signals transmitted to con- 
trol logic 280, which, in turn, controls the operation 
of latches 250, 251, 252 and 254 and multiplexer 
253 (Fig. 1 B) to allow signals to be coupled onto 
and received from the DAL data/address lines 50 of 5 
bus 13. After a read operation has been completed, 
the state machine 270 also asserts a CLR RD 
FLAGS clear read flags signal which enables the 
control logic 276 to negate the RD REQ read 
request signal. w 

With this background, the operation of the bus 
control circuit 33 depicted in Fig. 3 will now be 
described. During a write operation, as enabled by 
control circuit 40, if the DMA OR WRT PND (DMA 
or write pending) signal is not asserted by control 75 
logic 273, the state machine 271 first loads the 
address of the location to be written into the write 
address latch 251 (Fig. 1B) and determines wheth- 
er the location is cached in the cache 35 (Fig. 1 B). 
If the DMA OR WRT PND signal is asserted, either 20 
another unit in the system depicted in Fig. 1A is 
using the bus 13 or the state machine 271 has 
enabled a write address and data to be loaded into 
the latches 251 and 250 (Rg. 18), respectively, 
which has not been transferred over bus 13. 25 

If the DMA OR WRT PND (DMA or write pend- 
ing) signal is not asserted, a determination is made 
of whether the location to be written is cached. If 
the location is cached, the entry in cache 35 cor- 
responding to that location must be updated with 30 
the new data. To determine whether the location is 
cached, the state machine 271 generates CACHE 
FTN (1:0) cache function signals enabling the 
cache to be read and CACHE ADRS (1:0) signals 
enabling the multiplexer 264 to use the physical 35 
address generated by the virtual address transla- 
tion circuit 37. During this operation, the IDAL 
CACHE XMIT cache transmit signal- (Rg. 5) is 
negated to inhibit the data from the cache to be 
coupled onto the internal data bus 34. If the loca- 40 
tion is cached, the HIT signal will be asserted by 
AND gate 312 (Rg. 5), which will be reflected in 
the condition of the MISS signal from control logic 
273. 

If the MISS signal is not asserted, the location 45 
to be written is cached. In response to a negated 
MISS signal, the state machine 271 generates 
CACHE FTN (1:0) cache function, signals enabling 
a cache write operation and CACHE ADRS (1:0) 
cache address signals enabling the multiplexer 264 so 
to use the address from the virtual address transla- 
tion circuit 37. Simultaneously, the. data written into 
the cache entry is stored in the write data latch 250 
(Rg. 1B) and the flags in the control logic are 
conditioned to generate an asserted WR REQ write 55 
request signal. During this operation, the MBOX 
STALL signal is asserted to disable the virtual 
address translation circuitry from operating. 



On the other hand, if the MISS signal is as- 
serted, the location to be written is not cached. In 
response to the asserted MISS signal, the state 
machine enables the write data to be latched in the 
write data latch 250 (Rg. 1 B) and the WRT REQ 
signal to be asserted by control logic 276. In addi- 
tion, the CACHE ADRS (1:0) cache address signals 
are conditioned to increment a refresh counter 262 
(Rg. 1B) and enable multiplexer 264 to couple the 
address to the flags 42, tags 41 and data store 38 
(Rg. 18) to permit them to be refreshed. During 
this operation, the MBOX STALL signal is also 
asserted to disable the virtual address translation 
circuitry from operating to prevent it from produc- 
ing another physical address. 

After the write operation is completed, the DMA 
OR WRT PND (DMA or write pending) signal is 
negated. This permits another address and write 
data to be loaded into the latches 250 and 251 
(Rg. 1B). The refresh operation is also enabled 

The operations performed or enabled by state 
machine 271 during a read operation depend on 
whether the requested information is an instruction 
or data and whether or not the requested informa- 
tion was in cache 35 (Rg. 1 B). The information is in 
the cache if the location identified by the address 
is cached and if there is no parity error on either 
the tag 41 A, 41 B, or the data 38A, 38B (Rg.-5), 
which would render the cache entry unusable. A 
read operation may be required to retrieve an in- 
struction, in which case the control logic 273 as- 
serts an IB REQ instruction buffer request signal. 
Otherwise, control circuit 40 asserts an RD read 
signal. If the required information is not in the 
cache 35, the control logic 273 also asserts a 
READ MISS signal. The READ MISS signal is the 
complement of the HIT signal depicted in Rg. 5. 

In response to an asserted RD read signal from 
control circuit 40 or the assertion of the IB REQ 
instruction buffer request signal, the state machine 
271 generates CACHE FTN (1:0) cache function 
signals which enable a cache read, and CACHE 
ADRS (1:0) cache address signals which enable 
multiplexer 264 (Rg. 1B) to use the address from 
virtual address translation logic 37. Simultaneously, 
the state machine 271 asserts the ARM ADRS STR 
arm address strobe signal which enables the ad- 
dress from the virtual address translation logic 37 
to be loaded into the read address latch 252. if the 
operation was in response to the IB REQ signal, 
the state machine 271 also asserts an INIT IB REQ 
initiate instruction buffer request signal, which en- 
ables the control logic 273 to set a flag which, in 
turn,- enables the assertion of a PREV IB REQ 
previous instruction buffer request signal. If the 
information is in the cache 35, the state machine 
271 allows the information to be coupled from the 
cache 35 onto as described above in connection 
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with Fig. 5, and the operation terminates. 

If the information is not in the cache 35, and if 
the DMA OR WRT PND (DMA or write pending) 
signal is asserted, the state machine 271 asserts 
both the STALL and MBOX STALL signals to stall 
the processor 30, and CACHE ADRS (1:0) signals 
allowing a refresh operation. The stall permits the 
write operation to be completed before proceeding 
with the read operation. 

If the DMA OR WRT PND (DMA or write pend- 
ing) signal is negated, the read operation proceeds. 
The state machine 271 enables the control logic 
276 to assert the RD REQ read request signal. The 
state machine 271 then monitors the CACHEABLE, 
CCTL cache control, RDY ready and ERR error 
signals to determine the end of the read operation. 
If the CACHEABLE or CCTL cache control signals 
indicate that the information should not be cached, 
there is one transfer over bus 13, On the other 
hand, if the information is to be cached, two trans- 
fers are required, one for the low word and the 
other for the high word in the cache entry (Fig. 5). 

If the transfer is to be cached, when the RDY 
ready signal is received, if the DAL PAR ERR 
parity error signal is not asserted, indicating no 
parity error in the received information, the state 
machine 271 enables the multiplexer 264 (Fig. 1 B) 
to use the address from the virtual address transla- 
tion circuit to select an entry in the cache 35, and 
enables the information to be loaded into either the 
selected high or low word. The word in the cache 
35 into which the information is to be loaded de- 
pends on the condition of the VA (2) virtual address 
bit (see Fig. 5). The information is then coupled to 
the data path 36 (Fig. 1B). 

If the DAL PAR ERR parity error signal is 
asserted, or if the ERR error signal is asserted on 
line 55 (Fig. 1A) indicating an error response by 
the other unit engaged in the transfer, the operation 
depends on whether the PREV IB REQ previous 
instruction buffer request signal is asserted, if it is, 
the control circuit 40 (Fig. 1 B) is notified by an 
asserted IB FILL ERR instruction buffer fill error 
signal to permit it to take corrective action. If the 
PREV IB REQ previous instruction buffer request 
signal is not asserted, the STALL and MBOX 
STALL signals are asserted to stall the processor 
30, and a TRAP REQ trap request signal is as- 
serted, which allows the processor control circuit 
40 to perform selected recovery operations. 

If the received information is to be cached, and 
if neither the ERR error signal or the DAL PAR 
ERR parity error signal is asserted as the data is 
received, the state machine 271 proceeds to en- 
able as second word to be received and stored in 
the cache 35. If the second word is properly re- 
ceived, it is stored in the cache 35 as described 
above. The state machine 271 generates CACHE 
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ADRS(1 :0) cache address signals which enable the 
multiplexer 264 to use the address from the virtual 
address translation circuit 37 and CACHE FTN 
(1:0) cache function signals enabling the second 

5 word to be stored in the cache entry. The state 
machine 271 does not, however, enable the in- 
formation to be transferred to the data path 36. 

On the other hand, if the ERR error signal or if 
the DAL PAR ERR parity error signals are as- 

70 serted, the M80X STALL signal is asserted to stall 
the virtual address translation circuit 37 and the 
entry in the cache into which the first word was 
written is marked invalid. At the same time, the 
CACHE ADRS (1:0) signals are conditioned to en- 

75 able multiplexer 264 to use the refresh address 
from refresh counter 262 to refresh the contents of 
cache 35, and to increment the counter. 

State machine 271 enables refresh operations 
to be performed whenever the state machine 271 is 

20 not enabling information to be written into or read 
out of the cache 35. To enable operations to occur, 
the state machine 271 generates CACHE ADRS 
signals which enable the multiplexer 264 to use 
refresh address signals from the refresh counter 

25 262 to refresh the contents of the storage circuits 
38, 41 and 42 (Fig. 1B) in a conventional manner. 

State machine 271 also enables entries in 
cache 35 to be invalidated in response to a DMA 
INV REQ invalidate request signal from control 

30 logic 273, As described above in connection with 
Fig. 1B, this signal is generated in response to the 
coincidence of an asserted CCTL cache control 
signal and an asserted ADRS STR address- strobe 
signal, when both signals are asserted by other 

35 units in the system depicted in Fig. 1A. This occurs 
when the other units are performing DMA (direct 
memory access) operations with memory 11, and 
so the DMG direct memory grant signal will be 
asserted. If another unit transfers data to a location 

40 in memory 11 which is cached in cache 35, the 
cache entry must be marked invalid. With refer- 
ence to Fig. 1 B, in response to the coincidence of 
the DMG and ADRS STR address strobe signal, an 
AND gate 401 enables the input data latch 254 to 

45 latch the signals, which in this case are address 
signals, on DAL data/address lines 50. 

In response to the DMA INV REQ invalidate 
request signal, the state machine 271 first attempts 
to perform a read operation of cache 35 using the 

so address in the input data latch 254, without allow- 
ing the data from the cache to be coupled onto the 
internal bus 34. If the MISS signal is asserted, the 
location is not cached, and nothing further occurs. 
However, if the MISS signal is negated, the 

55 location identified by the address in the input data 
latch 254 is cached, and the state machine initiates 
a cache invalidate operation. In this, it generates 
CACHE FTN (1:0) cache function signals which 

12 
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enable an invalidation operation, and CACHE ADRS 
(1:0) cache address signals which enable the mul- 
tiplexer 264 to use the contents of the input data 
latch in the invalidation. 

State machine 270 operates in response to the 
CCTL cache control, OMR direct memory request, 
RDY ready and ERR error signals from .bus 13, RD 
REQ read request, WRT REQ write request, 
BRDCST REQ broadcast request and CACHE 
ACC cacheable access signals from control logic 
276, and INH DMA inhibit direct memory access 
and ARM RD REQ arm read request signals from 
state machine 271. If the state machine 270 re- 
ceives an asserted DMR direct memory request 
signal, indicating that another unit in the system 
depicted in Fig. 1A wishes to perform a transfer 
over bus 13, unless the INH DMA inhibit DMA or 
BRDCST REQ broadcast request signals are as- 
serted, it negates the DIS DMG disable direct 
memory grant signal, which, in turn, enables con- 
trol logic 277 to assert the DMG direct memory 
grant signal. The asserted DMG direct memory 
grant signal enables another unit to perform a 
transfer over bus 13. in addition, the state machine 
270 asserts the DATA IN signal which enables DAL 
control logic 280 to condition the DAL data/address 
lines 50 to permit other units in the system to use 
them. The state machine 270 also asserts the TRI- 
STATE STR signal to enable control logic 277 to 
permit other units to use the DATA STR data 
strobe. ADRS STR address strobe, and TR TYPE 
transfer type signals. 

Alternatively, if no other unit in the system is to 
perform a transfer over the bus 13, the state ma- 
chine 270 enables transfers thereover in response 
to the RD REQ, WRT REQ, and BRDCST REQ 
broadcast request signals from control logic 276. If 
the WRT REQ write request signal is asserted, 
indicating a write address and write data in latches 
251 and 250 (Fig. 1B) respectively, if the DMR 
signal is not asserted, the state machine 270 gen- 
erates DAL CONT (1:0) (DAL contents) signals 
which enable the multiplexer 253 to couple write 
address from latch 251 onto the DAL data/address 
lines 50. Simultaneously, the state machine 270 
asserts an ADRS STR EN address strobe enable 
signal which, in turn, enables the control logic 277 
to assert the ADRS STR address strobe signal. 

Next, the state machine 270 generates DAL 
CONT (1:0) (DAL contents) signals which enable 
multiplexer 253 to couple the contents of the write 
data latch 250 onto DAL data/address lines 50. 
Simultaneously, the state machine 270 asserts a 
DATA STR EN data strobe enable signal, which 
enables the control logic 277 to assert the DATA 
STR data strobe signal. Thereafter, the state ma- 
chine waits until the RDY ready or ERR error 
signals are asserted. If the asserted RDY signal is 



received, the operation terminates by negating the 
ADRS STR EN address strobe enable and DATA 
STR EN data strobe enable signals, which in turn, 
enables control logic 277 to negate the ADRS STR 
5 address strobe and DATA STR data strobe signals, 
respectively, and the control logic 276 is enabled 
to negate the WRT REQ signal. 

On the other hand, if the asserted ERR error 
signal is received, the state machine 270 performs 
70 a retry attempt, in which it generates DAL CONT 
(1:0) (DAL contents) signals which enable mul- 
tiplexer 253 to couple the write data signals from 
latch 250 onto DAL data/address lines 50. 

If both the RDY ready and ERR error signals 
75 are asserted, a retry is signaled, and the transfer is 
attempted again. 

If no other operation is occurring, the state 
machine 270 generates DAL CONT (1 :0) (DAL con- 
tents) signals which enable multiplexer 253 to cou- 
20 pie the contents of the read address latch 252 onto 
the DAL data/address lines 50. This permits the 
state machine 270 to initiate a read operation 
quickly when other signals and conditions permit a 
read operation to occur. During a read operation, 
25 when the RD REQ read request signal is asserted, 
the state machine 270 asserts the ADRS STR EN 
address strobe enable signal, which, in turn, en- 
ables the control logic 277 to assert the ADRS STR 
address strobe signal. The state machine 270 then 
oo asserts the DATA IN data in signal which enables 
control logic 280 to condition the DAL data/address 
lines 50 to,enable other units in the system to use 
them. Simultaneously, the state machine asserts 
the DATA STR EN data strobe enable, which, in 
as turn, enables the control logic 277 to assert the 
DATA STR data strobe signal. 

The next operations depend on whether the 
CACHE ACC cacheable access signal is asserted 
by control logic 276. if the signal is asserted, the 
ac retrieved data is cacheable, and so two words are 
read over bus 13. On the other hand, if the CACHE 
ACC cacheable access signal is not asserted, the 
retrieved data is not cacheable and only one word 
is read over bus 13. If the CACHE ACC cacheable 
45 access signal is not asserted, the state machine 
270 asserts a RD DATA LAT read data latch signal 
which, when asserted, enables the input latch 254 
(Fig. 1B) to receive the signals on DAL 
data/address lines 50. When the RD DATA LAT 
so read data latch signal is thereafter negated, the 
signals are latched by the input latch. The state 
machine 270 negates the RD DATA LAT read data 
latch signal in response to the asserted RDY ready 
signal if the ERR error signal is negated and as- 
55 serts the CLR RD FLAGS clear read flags signal. In 
response to the asserted CLR RD REQ signal, the 
control logic 276 negates the RD REQ read request 
signal. 

13 
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On the other hand, if the CACHE ACC cachea- 
ble access signal is asserted, a read operation is 
performed as described above. If the CCTL cache 
control signal is not asserted when the data is 
latched in the input data latch, a second operation 
is also performed. If, on the other hand, the CCTL 
cache control signal is asserted, indicating that the 
other unit engaged in the transfer is precluding 
caching of the data, the second operation is not 
performed. 

The state machine 271 uses the INH DMA 
inhibit direct memory access signal to inhibit state 
machine 270 from asserting the DMG direct mem- 
ory grant signal in response to the receipt of a 
OMR direct memory request signal from other 
units. The INH DMA inhibit direct memory access 
signal is asserted during certain transfers with the 
floating point processor 31 (Fig. 1A). 

The RD BRDCST read broadcast and BASIC 
BRDCST basic broadcast signal from control circuit 
40 enable the state machine 271 to transfer floating 
point operand information from cache 35 or regis- 
ters 255 in data path 36 (see Fig. 1B). The control 
logic 276 is also enabled to assert the BRDCST 
REQ broadcast request signals to. in turn, enable 
the state machine 270 to transfer this information 
as described above. The state machine 271 also 
enables control logic 273 to set a flag which as- 
serts an FPP PND floating point processor pending 
signal. The state machine 271 asserts an SIG FPP 
signaJ floating point processor signal to indicate to 
FPP interface circuitry 272 that it is ready to re- 
ceive the results of a floating point operation from 
the floating point processor 31. When the condition 
codes are ready, as described above, the interface 
circuitry 272 asserts a CP OK signal, and when the 
result data is ready, it asserts a CP RDY ready 
signal, in response to the CP RDY ready signal, 
state machine 271 enables state machine 270 to 
receive the result data. If the floating point proces- 
sor 31 signals an error, the interface circuitry 272 
asserts a CP ERR error signal. In response to the 
CP OK, CP RDY or CP ERR signal, the state 
machine 271 enables the flag controlling the FPP 
PND floating point processor pending signal to be 
reset, thereby negating the signal. 

The bus interface circuit 33 provides a number 
of benefits. First, the use of two state machines 
270 and 271, each controlling different operations 
and communicating through flags, simplifies the 
circuitry considerably. 

Furthermore, the state machine 271 enables 
refreshing of the cache 35. permitting use of dy- 
namic memory elements therein. This reduces the 
physical size of the cache, or alternatively facili- 
tates providing more . cache storage in the same 
area, as has been the case in the past. 

Furthermore, it will be appreciated that the bus 
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interface circuit 33, in retrieving cachable data, first 
retrieves the data which is required by the pro- 
gram, and then retrieves the other word for storage 
in the cache entry. In prior systems, the data words 

5 were retrieved in the order in which they were 
stored in memory, and so the first data word may 
not have been the one immediately required by the 
program. This delayed resumption of processing 
until the second word was retrieved. 

70 In addition, the bus interface circuit 33 permits 

read operations to be initiated, to the extent that a 
read address is generated and latched in the read 
address latch 252, while a write operation is pend- 
ing. The read operation is not completed until the 

75 pending write operation is completed, but when the 
write operation has been completed, the read ad- 
dress can be transmitted immediately. 

Finally, the bus interface circuit also permits 
cache entries to be invalidated, by direct memory 

20 access operation performed by other units in the 
system depicted in Fig. 1A, independently of 
whether read or write operations have been set up 
in processor 30. That is, the cache entry invalidate 
operation can take place, in response to a DMA 

25 address received in input latch 254, while write 
data and a write address are latched in the respec- 
tive latches 251 and 250 (Fig. 1B) and a read 
address is latched in latch 252. This simplifies the 
invalidation process. 

30 The foregoing description has been limited to a 

specific embodiment of this invention. It will be 
apparent, however, that variations and modifica- 
tions may be made to the invention, with the attain- 
ment of some or. all of the advantages of the 

35 invention. Therefore, it is the object of the appen- 
ded claims to cover all such variations and modi- 
fications as come within the true spirit and scope of 
the invention. 

40 

Claims 

1 . A digital data processing system including a 
central processor unit and an auxiliary processor 

45 unit interconnected by a bus including data transfer 
lines, status transfer lines and information transfer 
lines, said auxiliary processor unit executing se- 
lected instructions, each including an operation 
code, on information identified by each instruction, 

so said central processor unit and said auxiliary pro- 
cessor unit both including: 

i. data transfer means connected to said data 
transfer lines for iteratively transferring said data 
comprising said operation code and information 

55 concerning the data to be processed over said data 
transfer lines; 
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ii. information transfer means connected to 
said information transfer lines for enabling the 
transfer of information over said information trans- 
fer lines; 

iii. status transfer means connected to said 5 
status transfer lines for transferring status signals 
over said status lines; 

A. said central processor unit including con- 
trol means connected to its respective data transfer 
means, information transfer means and said status io 
transfer means and responsive to the receipt of a 
selected instruction to be processed by said auxil- 
iary processor unit for iteratively enabling (1) the 
data transfer means to transfer said operation code 

to said auxiliary processor, (2) the information 75 
transfer means and said data transfer means to 
transfer information to be processed to said auxil- 
iary processor, (3) said status transfer means to 
indicate to said auxiliary processor unit that it is 
ready to receive processed information and (4) said 20 
data transfer means and said information transfer 
means to receive the processed information in re- 
. sponse to the receipt of a signal by said status" 
transfer means; 

B. said auxiliary processor unit including 2s 
control means connected to its respective data 
transfer means, information transfer means and 

said status transfer means for iteratively enabling 
(1) the data transfer means to receive the operation 
code from said processor unit. (2) the information 30 
transfer means and said data transfer means to 
receive information to be processed, (3) said data 
transfer means and said information transfer means 
to transmit the processed information in response 
to the receipt of a signal by said status transfer as 
means indicating that said processor unit is ready 
to receive a result. 

2. A central processor unit for use in a digital 
data processing system including an auxiliary pro- 
cessor unit, said central processor unit and said 40 
auxiliary processor unit being interconnected by a 
bus including data transfer lines, status transfer 
lines and information transfer lines, said auxiliary 
processor unit executing selected instructions, 
each including an operation code, on data iden- 45 
titled by each instruction, said processor unit in- 
cluding: 

i. data transfer means connected to said data 
transfer lines for iteratively transmitting said opera- 
tion code and information concerning the informa- 50 * 
tion to be processed over said data transfer lines; 

ii. information transfer means connected to 
said information transfer lines for enabling the 
transfer of information to be processed over said 
information transfer lines and for receiving the pro- 55 
cessed information; 



iii. status transfer means connected to said 
status transfer lines for transferring status signals 
over said status lines; and 

iv. control means connected to said data 
transfer means, information transfer means and 
said status transfer means and responsive to the 
receipt of a selected instruction to be processed by 
said auxiliary processor unit for iteratively enabling 
(I) the data transfer means to transfer said opera- 
tion code to said auxiliary processor, (2) the in- 
formation transfer means and said data transfer 
means to transfer information to be processed to 
said auxiliary processor unit. (3) said status transfer 
means to indicate to said auxiliary processor unit 
that it is ready to receive a processed information 
and (4) said data transfer means and said informa- 
tion transfer means to receive the processed in- 
formation in response to the receipt of a signal by 
said status transfer means from said auxiliary pro- 
cessor unit 

3. An auxiliary processor unit for use in a 
digital data processing system including a central 
processor unit said central processor unit and said 
auxiliary processor unit being interconnected by a 
bus including data transfer lines, status transfer 
lines and information transfer lines, said auxiliary 
processor unit executing selected instructions, 
each including an operation code, on data iden- 
tified by each instruction, said auxiliary processor 
unit including: . 

i. data transfer means connected to said data 
transfer lines for iteratively receiving said operation 
code and 'information concerning the data to be 
processed over said data transfer lines; 

ii. information transfer means connected to 
said information transfer lines for receiving informa- 
tion to be processed over said information transfer 
lines and for transmitting the processed information 
over said information transfer lines; 

iii. status transfer means connected to said 
status transfer lines for transferring status signals 
over said status lines; and 

iv. control means connected to said data 
transfer means, information transfer means and 
said status transfer means for iteratively enabling 
(1) the data transfer means to receive the operation 
code from said processor unit, (2) the information 
transfer means and said data transfer means to 
receive information to be processed, (3) said data 
transfer means and said information transfer means 
to transmit the processed information in response 
to the receipt of a signal by said status transfer 
means indicating that said processor unit is ready 
to receive a result 

4. A system as defined in claim 1 wherein said 
central processor unit control means includes: 
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A. central processor unit data transfer control 
means responsive to the receipt of an instruction to 
be processed by said auxiliary processor unit for 
enabling said data transfer means to transfer said 
operation code to said auxiliary processor unit over 
said data transfer means, 

B. central processor unit information transfer 
control means connected to said central processor 
unit data transfer coantrol means, said central pro- 
cessor unit information transfer means and said 
central processor unit data transfer means for en- 
abling said central processor unit information trans- 
fer means and said central processor unit data 
transfer means to transfer information to be pro- 
cessed to said auxiliary processor unit following the 
transmission of said operation code to said auxil- 
iary processor unit, 

C. central processor unit status transfer con- 
trol means connected to said central processor unit 
information transfer control means and said central 
processor unit status transfer means for enabling 
said central processor unit status transfer means to 
transmit an indication to said auxiliary processor 
unit that it is ready to receive a result in response 
to said central processor unit information transfer 
control means enabling a successful transfer to 
said auxiliary processor unit of information to be 
processed and for receiving an enabling signal 
from said auxiliary processor unit; and 

D. central processor unit processed informa- 
tion transfer control means connected to said cen- 
tral processor unit status transfer control means, 
said central processor unit data transfer means and 
said central processor unit information transfer 
means for controlling the receipt of the processed 
information following the receipt of said enabling 
signal by said central processor unit status transfer 
means. 

5. A system as defined in claim 4 wherein 
instructions further include data type information, 
said central processor unit control means further 
including central processor unit data type transfer 
control means connected to said central processor 
unit status transfer means for enabling said central 
processor unit status transfer means to transfer 
data type information from an instruction over said 
status transfer lines contemporaneous with the 
transfer by said central processor unit data transfer 
means of the operation code from said instruction 
over said data transfer lines. 

6. A system as defined in claim 4 wherein said 
central processor unit includes an information 
source for storing information to be processed in 
response to an instruction, said information source 
being connected to said centra! processor unit in- 
formation transfer means and said central proces- 
sor unit information transfer control means, said 
central processor unit information transfer control 
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means including means for enabling said informa- 
tion source to transfer information to be processed 
to said central processor unit information transfer 
means for transmission to said auxiliary processor 
s unit. 

7. A system as defined in claim 4 further 
comprising information storage means for storing 
information to be processed, said information stor- 
age means being connected to said bus for receiv- 

w ing retrieval control signals for controlling the re- 
trieval of information therefrom, said information 
storage means transmitting retrieved information 
over said information transfer lines of said bus, said 
central processor unit information transfer means 

75 including means for initiating the retrieval of in- 
formation from said information storage means. 

8. A system as defined in claim 7 wherein said 
information storage means includes a plurality of 
addressable storage locations, each identified by 

20 an address, for storing information, and said bus 
includes lines for transferring bus control signals 
including an address control signal line, an ac- 
knowledgement signal line and an information 
transfer control signal line, 

25 A. said information storage means including 

means for receiving said address and said address 
control signal from said bus and for transmitting the 
information from said location identified by said 
address over said information transfer lines and for 

30 thereafter transmitting an acknowledgement signal 
over said acknowledgement signal line; 

B. said central processor unit information 
transfer control means further including means for 
enabling said central processor unit information 

35 transfer means to transmit an address and an ad- 
dress control signal over said address control sig- 
nal line; and 

C. said auxiliary processor unit information 
transfer means further being connected to said 

40 acknowledgement signal line for receiving the in- 
formation from said information transfer lines in 
response to the receipt of said acknowledgement 
signal. 

9. A system as defined in claim 8 wherein said 
45 information storage means transmits an error signal 

over an error signal transfer line in response to an 
error, said auxiliary processor unit information 
transfer means ignoring information transmitted 
over said information transfer lines in response to 
so the receipt of an error signal. 

10. A system as defined in claim 4 wherein 
said central processor unit data transfer control 
means includes further enables said central pro- 

. cessor unit data transfer means to transfer an align- 
55 ment code over said data transfer lines contem- 
poraneously with the transfer of information to be 
processed to said auxiliary processor unit. 
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11. A central processor unit as defined in claim 
2 wherein said central processor unit control means 
includes: 

A. central processor unit data transfer control 
means responsive to the receipt of an instruction to 
be processed by said auxiliary processor unit for 
enabling said data transfer means to transfer said 
operation code to said auxiliary processor unit over 
said data transfer means, 

B. central processor unit information transfer 
control means connected to said central processor 
unit data transfer coantrol means, said central pro- 
cessor unit information transfer means and said 
central processor unit data transfer means for en- 
abling said central processor unit information trans- 
fer means and said central processor unit data 
transfer means to transfer information to be pro- 
cessed to said auxiliary processor unit following the 
transmission of said operation code to said auxil- 
iary processor unit. 

C. central processor unit status transfer con- 
trol means connected to said central processor unit 
information transfer control means and said centra! 
processor unit status transfer means for enabling 
said centra] processor unit status transfer means to 
transmit an indication to said auxiliary processor 
unit that it is ready to receive a result in response 
to said central processor unit information transfer 
control means enabling a successful transfer to 
said auxiliary processor unit of information to be 
processed, and for receiving an enabling signal 
from said auxiliary processor unit; and 

D. central processor unit processed informa- 
tion transfer control means connected to said cen- 
tral processor unit status transfer control means, 
said central processor unit data transfer means and 
said central processor unit information transfer 
means for controlling the receipt of the processed 
information following the receipt of said enabling 
signal by said central processor unit status transfer 
means. 

12. A central processor unit as defined in claim 
11 wherein instructions further include data type 
information, said central processor unit control 
means further including central processor unit data 
type transfer control means connected to said cen- 
tral processor unit status transfer means for en- 
abling said central processor unit status transfer 
means to transfer data type information from an 
instruction over said status transfer lines contem- 
poraneous with the transfer by said central proces- 
sor unit data transfer means of the operation code 
from said instruction over said data transfer lines. 

13. A central processor unit as defined in claim 
11 further including an information source for stor- 
ing information to be processed in response to an 
instruction, said information source being connect- 
ed to said central processor unit information trans- 



fer means and said central processor unit informa- 
tion transfer control means, said central processor 
unit information transfer control means including 
means for enabling said information source to 
5 transfer information to be processed to said central 
processor unit information transfer means for trans- 
mission to said auxiliary processor unit. 

14. A central processor unit as defined in claim 
11 for use in a system comprising information 
to storage means for storing information to be pro- 
cessed, said information storage means being con- 
nected to said bus for receiving retrieval control 
signals for controlling the retrieval of information 
therefrom, said information storage means transmit- 
75 ting retrieved information over said information 
transfer lines of sad bus, said central processor 
unit information transfer means including means for 
initiating the retrieval of information from said in- 
formation storage means. 
20 15. A central processor unit as defined in claim 

14 for use in a system in which said information 
storage means includes a plurality of addressable 
storage locations, each identified by an address, 
for storing information, and said bus includes lines 
25 for transferring bus control signals including an 
address control signal line, an acknowledgement 
signal line and an information transfer control signal 
line, said information storage means including 
means for receiving said address and said address 
30 control signal from said bus and for transmitting the 
information from said location identified by said 
address over said information transfer lines and for 
thereafter transmitting an acknowledgement signal 
over said acknowledgement signal line; 
35 B- said central processor unit information 

transfer control means further including means for 
enabling said central processor unit information 
transfer means to transmit an address and an ad- 
dress control signal over said address control sig- 
40 nal line. 

16. A central processor unit as defined in claim 
11 wherein said central processor unit data transfer 
control means further enables said central proces- 
sor unit data transfer means to transfer an aiign- 

45 ment code over sad data transfer lines contem- 
poraneously with the transfer of information to be 
processed to said auxiliary processor unit. 

17. An auxiliary processor unit as defined in 
claim 3 wherein said auxiliary processor unit con- 
so trol means includes: 

A. auxiliary processor unit data transfer con- 
trol means connected to said auxiliary processor 
unit data transfer means for enabling said auxiliary 
processor unit data transfer means to receive the 

55 operation code from said central processor unit, 

B. auxiliary processor unit information trans- 
fer control means connected to said auxiliary pro- 
cessor unit data transfer control means for enabling 

17 
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said information transfer means to receive informa- 
tion to be processed in response to the receipt, by 
said auxiliary processor unit data transfer means, of 
said operation code from said central processor 
unit, 5 

C. processing means connected to said aux- 
iliary processor unit data transfer means and said 
auxiliary processor unit information transfer means 
for receiving said operation code and said informa- 
tion to be processed and for generating processed w 
information in response thereto; and 

D. auxiliary processor unit processed infor- 
mation transfer control means connected to said 
auxiliary processor unit information transfer means 

and said processing means for enabling said auxil- is 
iary processor unit information transfer control 
means to transfer processed information over said 
information transfer lines. 

18. An auxiliary processor unit as defined in 
claim 17 wherein instructions further include data 20 
type information, said auxiliary processor unit data 
transfer control means further including auxiliary 
processor unit data type transfer control means 
connected to said auxiliary processor unit status 
transfer means for enabling said auxiliary processor 25 
unit status transfer means to receive data type 
information from an instruction over said status 
transfer lines contemporaneous with the receipt by 

said auxiliary processor unit data transfer means of 

the operation code from said instruction over said 30 

data transfer lines. 

19. An auxiliary processor unit as defined in 
claim 17 wherein said bus includes lines for trans- 
ferring bus control signals including an address 
control signal line, an acknowledgement signal line 35 
and an information transfer control signal line, said 
auxiliary processor unit information transfer means 
further being connected to said acknowledgement 
signal line for receiving the information from said 
information transfer lines in response to the receipt 40 
of said acknowledgement signal. 

20. An auxiliary processor unit as defined in 
claim 19 wherein said bus further includes an error 
signal transfer line for transferring an error signal, 

said auxiliary processor unit information transfer 45 
means ignoring information transmitted over said 
information transfer lines in response to the receipt 
of an error signal. 
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